Gbetagamma-mediated prostacyclin production and cAMP-dependent protein kinase activation by endothelin-1 promotes vascular smooth muscle cell hypertrophy through inhibition of glycogen synthase kinase-3.
Endothelin-1 (ET1) is a vasoactive peptide that stimulates hypertrophy of vascular smooth muscle cells (VSMC) through diverse signaling pathways mediated by G(q)/G(i)/G(13) heterotrimeric G proteins. We have found that ET1 stimulates the activity of cAMP-dependent protein kinase (PKA) in VSMC as profoundly as the G(s)-linked beta-adrenergic agonist, isoproterenol (ISO), but in a transient manner. PKA activation by ET1 was mediated by type-A ET1 receptors (ETA) and recruited an autocrine signaling mechanism distinct from that of ISO, involving G(i)-coupled betagamma subunits of heterotrimeric G proteins, extracellular signal-regulated kinases ERK1/2, cyclooxygenase COX-1 (but not COX-2) and prostacyclin receptors. In the functional studies, inhibition of PKA or COX-1 attenuated ET1-induced VSMC hypertrophy, suggesting the positive role of PKA in this response to ET1. Furthermore, we found that ET1 stimulates a Gbetagamma-mediated, PKA-dependent phosphorylation and inactivation of glycogen synthase kinase-3 (GSK3), an enzyme that regulates cell growth. Together, this study describes that (i) PKA can be transiently activated by G(i)-coupled agonists such as ET1 by an autocrine mechanism involving Gbetagamma/calcium/ERK/COX-1/prostacyclin signaling, and (ii) this PKA activation promotes VSMC hypertrophy, at least in part, through PKA-dependent phosphorylation and inhibition of GSK3.